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(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit the crack and 
warpage generated by the difference in thermal 
coefficient of expansion between a nitride single-crystal 
thick film to be grown and a substrate. 
SOLUTION: After a multilayer film comprising a GaN 
high-temperature layer 1 3 and a GaN low-temperature 
layer 14 is formed on a silicon (111) substrate via an AIN 
buffering layer 12, a self-supported laminate obtained by 
removing the silicon (111) substrate 1 1 by etching is 
used as a substrate for growth, and a GaN single-crystal 
thick film is deposited on it and then the laminate is 
polished and removed, thus obtaining the GaN single- 
crystal substrate. Both the substrate for growth and the 
nitride single-crystal thick film are formed by a nitride, 
thus inhibiting the crack and warpage generated by the 
difference in thermal coefficient of expansion. 
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i: LT 2 0 0 n mf n OI 1 9 *««t5 Q 

1 0 s 1 mW«tt««LW^ *ffifflffiS:6 0 0 °C 
4t'±#Sttl O#«0«»U i/yny (in) | 
ftl lJhcOZ nOll 9^®c7^1^ — -^/u^ ij — — 
fT9, I^TN^'^dDi, Sc*j&Sl s lm(7)T>^e 
=-Tj37. tfttlkfc 50//mo 1 /m in^M^ 

y^A^tttt, z n omi 9 ^Jt^Lfci/y z2> 

(111) £4£ 1 1 _hM 2 0 n m/?c7)G a Nlf^r® 2 0 

-tz> (Me (b) ) 0 

[0 0 5 1 ] XffifflAi: 1 0 5 0°C^T'±#^ 

iirT, 50/imo 1 /m i n (7) h 'J ^ ^/l-jf V $ 

ASriABLT, 1 /i m/p<7^G a 2 1 ^G a NijigffiJB 

2 0±fc«fji-f5 o -tco« % h y y^yu^y ^-Aco^ 

-£T, i^S^^ 3 0 m o 1 i n^M> f /UT/i/ ^ 

=-<>J*t vfcMfc 1 0 0 /i m o 1 /m i n CO h y ^ ^;U>f 
V^^»LT, 0. SjumJfi^Al InN|22 

6^30Mml|(7)GaN/Al I nN#H23«|5jc 

*SiHGaNg2 1T'»l»Ltl^ (HI 6 
(c) ) 0 

[0 0 5 2 ] -^(7^, HF : HN0 3 ^)x 7 f t y|, 
^ffl^TSS-C*,5->!l =i> (111) gt£l 1 <tZ n 
OKl9Srffl««|:xyfy^ U GaNlil2 
OcbGaNXAl InN»2 3^6^^guL/:i 

[0 0 5 3 ] is y =, > (iii) sfin 

LtG a NMp a B Si?r W^^IfflSg^^ 3 0 
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n mm<»mmfo**'<v9 v >-^s^i*H;:istEu zn 

Oi?7 ; y ^fe^-y y h t LTZ n 0«2 4 

M) Sr**i"S (16 (d) ) o ZnOl2 4 ; ± 

(BB7 (a) ) 0 

[0 0 5 4] Z<D'& S MOVPE8Irt«tt^-± 

Sfiiass: 600 r-±# ^-itr 1 o #p^«ft l, & 

%Wtl. : <fcikfr 1 s 1 mO^T>^=^T tfxkfttikfc2 0 0 
U m o 1 /m i n <F> h U ^ V !>^^ML, 2 0 

nmfWGaN««l2 5S:*Bt5c - <£*3\ Ga 

N(i->y 3>»(t:Bi-r^^ i 8 ±.\zmm-<t-r . ^v=?^ 

<7)f£, Sffii&JS* 1 0 5 Ot* t'±#$tt, Stfi^2 

0 0 m mo 1 /m in^hU ^A£f£££U 
-e* ? JiWfiS^rpIfiJc^SrfiJffl LfcV^WSELOGlilcS 
(vl J; oT^W^ii: 110// mlli^G a N*P4£ 
SffBil 7£i£®-rs (8 7. (b) ) 0 gfea 
g £ ^ Jg. * T»T £ ii" 5 =b ft Xfo 5 # . I 3 Pfl S £>!BSI? 

i\ £ -5 r. tttfcV*. HCl^x 7 f t 

LTZ nOfll2 4 &* jUJRp^J ^-yf >/LT, G 

a NJ^ssmifii 7 s 0 Stm^wim&mmvfciz 

LT lOO/i mffWG a N 6 G a N*- 

ttftK««:f^«i-S (0 7(c)), 

(0 0 5 5 ] G a Nl£tt4ffR*ffif+ifi-e« 

teffl[*«(ijKii o^ cm 2 eaE*-e(SjftTfrrt^s, 

[0 0 5 6] i:m G a N/A 1 I n N^Jf 312 3 
frt>t£Z>ffifafc±lZ'pmmb LTZ nOll 9^LT 

1 1 OMmfOGaNifeSfll 7£r*fi«Lfc, 1 -<Z> 

fipfiE+Sri*, * h7>CyttWi/y =* 1 8 

5E LOG^S«:ffoTl^Wt'iS^Ba)G a N^feS 
WJKi 7^BfiScT't^ 0 Hl^> tefi^ffifil 0 T cm J 

[0 0 5 7] £f-, ::T'MLf;GaNK B B B «?r 

Rlt*fflKS<n(Etfi[^/>/i:< Tfc+WBilciifc^SK 

m ■ 2 « ffi * t 5 (& tt t? # £ CL £ 7)5 fillS £ *X fc 0 

[0058] q^raiBi: urn, B5cSfflstg^w±icfli 

If^TOiaotl/^^, A 1 G a I n N. B A 1 
Ga I n N , NdGaO,, MgO, ZnO, TiO, 
ZnSe, ZnTe, ZnS, G a A s , S i , W, S 
i C % SiGeC, A I , O, % SiN, S i O, f£ k'& 
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[0059] ::m MovPE&iaMli:-oi> 

%lte/&SiI/g<OjlWW K^-f KftCSfiRft (HVPE) 
[0 0 6 0] (^*ft<Dfl2ffi4) i8 % 19 joJ:t^|U 1 o 

[0 0 6 1] £-f , ^S£6o^li2 i:IPI«^xStcJ: «9, 

^> (111) ISl l±}^GaN/A 1 I nN^ 
H2 3eMf6, »*Htt«T«)ii9-Cifo5 0 {^18 

(a) ^7fs-rx.o^. mfat Lxm^mmmzx vmm 

frffifrit£frtz*>}) 3 v (l l l) Sffil 1 Sr^/^^^ 

20 ^ LT 2 0 0 n ml<7) Z n Oi 1 9 ^ W5 0 iSklC, 
MOVPEgI^(7)tir7 5 ^-±CEfl > N, 

1 0 s 1 m(7)atar-#t^L/.C^^, S£^^6 0 0°C 
£T-iif?-£-t*:T 1 0»W«»L, y^Xlll)! 
t£ 1 1 Al<DZ n Ofll 1 9^®<7)U— e/U^ y — - > ^ ^ 
tT^ 5 g^TN ; ^X(C^JPx. N ^Cft^ 1 s 1 mCOT V^e 
^TJf^ktftMfr 5 0 ^mo 1 /m i n^hjj t^/^U 
■J ^A^OLT, ZnOil9^it|Lfc'>!l3y 

(111) 1 1 ±(C 2 0 n mJ?t7)G a N^^fi 2 0 

£Bj*-t-6 0 ^60^, h y 7<^/U^y ^^^f^^f^Jh 
30 -f5 (08 (b) ) o 

[0 0 6 2] m*X x X«£ft«Tl 0 5 0°C*T'_b#^ 
■frX, V5fcft?!)^ 5 0 // m o 1 /m i n (7) h V J J-^Jjy $ 
^^ttlt, 1 umm^G aNf21^Ga Nlffff^ 

2 0_LMfSfI-r5o ^c/)^ x K y y f-frjl V # i*cof&#£ 
^*ihi-6 0 S«a««r8 0 Ot:*"CI»TS 
-ttr, ^m/j^ 3 0 m o 1 /m i n CO h y ^ 
~$J*k MMfr 100/imol /m i n (7) h y 7< ^/U-f 
y^^A^ait, 0. 5/imfWAl I nNi22 
«r«llt5, *<n'4k s V y >f^7/^^^Ai: h y ^ 

L. 2 0j^»!^*5igi-- .ttcj: *m/£<7>S&5Ba>^& 
5l^)3 0/imJ|(7)GaN/Al InN^|l2 3M 
^H5o lMiGaNi2 1T«Lt^5 (18 
(O ) . 

[0 0 6 3 ] K±<oj;9*:«[B#Sr*aLfc5xy 
An^L^r^-^rt^iBHL, l o»fflco»Df»S:tT 

9 0 micj: V) 2fc<D<!7X-^-ttm%£tlZ) (19 
50 (a) ) . H9 (a) *WXP*a««*«-0*>Sa **3, 
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AL In, Ga/^'^fM-iltfflPaiHt^ 

[0 0 6 4] ^oYfe^ HF : HNO^Ox-yf t ^'f- 
^ffl^T^fliicOv-y =3> (111) 1 t Z nOHH 

(^m^^^^^itftu/'c^y ^> (ill) Sffii i 

'i^y (in) gjgi i K-f y^-Sixfcl 2 o 

MmffeDfftJIft&ft* (El 9 (b) ) 0 = 
> (111) 1 1 £ Z n OBI 1 9 £HF : HN0 3 

2 0ymSwSHg»^#5 (H9 (c) ) o 
[0 0 6 5 ] &tc\ s/yay (111) S=K 1 1 £f&^ 
L/:G a N^ a B H ^1^^^Mi-^^fflS^<lr ft 5 l 2 
0 ju mffwaBft:Sr^/<y * U U Z 

nOt7^^^^-y> hilXZnOi2 4 (l^ 
tf>S*IWi) (H10 (a) ) o Zn 

osi2 4 hy^/t^yy =3 ^mtm-? * ^ 1 8 

[0 0 6 6] -tWf^, MOVPE^irtWtt7°^-± 
dgEKU N.^^^lOs lm^iT«l/^tb 

6 o ot:it'±#^^tl o#IB«fSU ^ 
, SMM* i s i mwry^-T^^iiii^^ oo^ 

mol/minOhy^f/^y^^ftU 2 On 
mI«;)GaNgil2 5^«tSo w G a N 

K«iatSrio5otit'±#s*r, »t^2o 

0 ^ m o 1 /m i n <D V V J 5vU# D >7.A3rt&££U 
iottffi^ft^^o^ 1 1 0 a mW-O^G a N^^ B B B 

mmi 7&mm-rz) no (b) ) e ^ws, 

^-V^ h<t ITZ nOl2 4 5, ^V^L 

T\ GaN^gfiffil 7^^ft-^o IH^CpSjSSrP 1 
BfBft*LT 1 0 OMmgWG a N*^ B B B j?fl^^^ft^G 
a N¥^ B B B StS^f^i-5 110 (c) ) 0 

[0 0 6 7] ~ C0*i£\ G a N^8SJ?if I^ififi?) 
(EffiBSttftl 0* cm- : 'iHK«T^tt^ 0 

[0 0 6 8] * rTMi, ^$WG a N/A 1 I n N#J§ 

t^llcWItLTZnOllll 9£*rLT 1 1 O^rn 
IWGaNS^fil 7£i£fSLf- 0 fRjg 
**IBf+jSt?W(EffiBJSli 1 0'° cm- 2 ^±#ftt5 

^ h 7^^->!) =i ^mkm-*** i 8 eMi 
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^^■C#So £K*« te(fc«£f±l 0 7 cm" J g|S^t' 
"[0 0 6 9] ^fc, ::W«LtGaN»8«SS: 

'■' ^(i'ftibft^o »saxio 6 c 

rn J * T*(g:«r* # Z> Z t 0S«B $ ft*:. 
10 [0 0 7 0] ^^Tfi. MOVPEfel:J:5^ft:ot> 
tttHLtii\ m^lS^$ix6twT-|±ft< . ^ffl#) 
J-ttric*a«roil^/N>f K7-f K**B*« (HVPE) 
fe&m\<^Z><ni>m* £fc. MOVPES^HVP 

E fc J; QtefSL-tZ z t i>i>h*>A,*i1fex* 

[0 0 7 1 ] 

f ic J; o t ^ C 6 48^5 *) ^»SJ $ ^o^pfe^ 
At,^^i$^6^rfSp 0 pWft^^^^^/55c-r^r 

[0 0 7 2] fi£oT. *«WK¥»*»«0«it#4fc|;: 

5 ft ifx*±agft t wt?*> So 

[0®offi*ftaMi] 

30 mi] tt&mnmmcomm 1 i^^5¥«*s«^» 

[ID 2] Mn^Xtt^ttl tc«i3**##:*tt[^3H 

[m 3 ] ^mm^mmmm 1 *?s*»***^<ib 

ifi*feW#xe$:^-rWfSDlll 

a*fto#xa«:^i-wBia 

40 [El 6] *^<^3lll6^Sg3fz«h>5^2SffS*E<7)K 
iS*ffio«-XSS:^-ri»fffiia 

ig*ffi^#xSS:^i-»ffi0 
[El 9] *%Wwllffi^ffi4^«^5¥*l*Sffico8i 

it^&(7)^Xm^^"r^T®[ll 
1110] *IBW<7)||«LCO^ffi4JC«^S^2SflcStga5 

B!iS*te^#XSSr^-t-»rffiia 
50 [fflF#*ORW] 
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11 5/!)3y (in) 

12 A 1 N*f«I 

13 G a NftiSJl 

14 G a N{£?&ji 

15 G a N#H8I 
16,17 G a N*J» H B B fl[R 
18 > y 3 ^iSitlR-^ X * 
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19 Z n om 

2 0 G a N*£ffi)l 

-21 G a Ni 

2 2 A 1 I n Ng 

2 3 G a N/A 1 I n N^jflS 

2 4 ZnOl 

2 5 G a Niffffr/I 
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F^~A(#%) 4G077 AA03 BE15 DB08 EF04 FJ03 
4K030 AA11 BA38 BB02 BB12 CA04 

DA04 JA01 JA10 LA12 
5F043 AA02 AA37 BB02 BB25 GG10 
5F045 AA04 AA19 AB09 AB14 AB22 



AC08 AC12 AC15 AD09 AD10 



AD14 AD15 AF03 BB12 CA12 



CB02 DA54 DA67 DB02 HAM 



5F073 CA02 DA05 DA07 DA22 DA35 



